Effects of three different macrophytic covers and the presence of alternative prey on survival of grass shrimp (Palaemonetes pugio and P. vulgaris) subjected to predation by killifish (Fundulus heteroclitus) were studied in the laboratory. Overall, survival of P. vulgaris was significantly greater (82%) than that of P. pugio (70%). This difference in survival was attributed to the greater tendency of P. pugio to swim outside the covers, making it more vulnerable to predation. Both prey species responded similarly to the different cover conditions. Survival without cover (gravel substrate) was 48%. In cover provided by a plastic plant made to resemble Ambulia, 75% of the starting population survived. In cover furnished by field-collected specimens of the flat chlorophyte, Ulva, survival was 71%, compared to 98% survival in the branched green alga, Codium. Predation pressure on neither species was significantly enhanced or diminished by the presence of a second prey species.
spp., macrophytic vegetation can provide protection from predators (Rozas and Odum, 1988; Tayasu et ah, 1996) . With the decline of submerged aquatic vegetation in deeper waters of Chesapeake Bay, many animals have been
Palaemonetes
Predation has been shown to influence the distribution and abundance of species within marine habitats (Kneib, 1988 ; Primavera, 1997) . When predators are present, prey organisms frequently switch microhabitats, choosing a site where they are less vulnerable (Main, 1987; Everett and Ruiz, 1993) . Both laboratory and field experiments have indicated that for many species of invertebrates, including (Williams, 1984) . Because these two species are especially common in areas with macrophytic cover, the nature of the vegetation may be presumed to have a major influence on their abundance, distribution, and loss to predation. Indeed, (Anderson, 1985) , where they congregate on areas of bare mud, sand and shell flats, and on wooden pilings (Knowlton et ah, 1994) , but they are particularly abundant in dense stands of underwater macrophytes (Orth et ah, 1984) . The two most common species of (Palaemonetes
Vast numbers of grass shrimp
Interactions between prey species, especially as they influence the use of cover, may alter the impact of a predator upon those prey species. For example, Thorp (1976) felt that oyster shell provides protection from predation and that P. vulgaris is more resistant to predation because it displaces P. pugio from a shelly substrate.
The killifish Fundulus heteroclitus is a permanent marsh resident and is abundant in areas inhabited by Palaemonetes. Studies of stomach contents have indicated that grass shrimp are an important component of the killifish diet (Heck and Thomas, 1981; Overstreet and Heard, 1982) .
The role of macrophytic covers in predation served as the focus of the present study whose primary purpose was to determine how the presence of F. heteroclitus quantitatively affects survival of P. pugio and P. vulgaris in the various experimental covers. The questions asked were: 1) Is predation pressure the same for both species of grass shrimp? 2) Does macrophytic cover reduce the amount of predatory loss for one or the other prey species of grass shrimp? 3) If The aquaria were left undisturbed for 24 hours after which the Fundulus were removed from the aquaria, and the number of surviving prey was counted and recorded. Counts are known to be accurate because at the time of counting, all shrimp were removed, recounted, and discarded. Killifish, live and plastic plants, and gravel also were removed from the aquaria and discarded. This entire experimental procedure was repeated once using different individuals of the same prey species, different individuals of the predator ( Fundulus ), different individuals of live and plastic macrophytic cover, and different gravel. These procedures were repeated twice more using the second prey species, Palaemonetes vul- garis (30 ± 5 mm in length), instead of P. pugio.
The experimental protocol was repeated two more times, but in each of these replicates, 15 individuals of each prey species were substituted for the 20 individuals of a single prey species. In these "mixed-species" experiments, distinguishing the two species was made easier by prior staining of one of the species with Alcian blue. It has been established that this procedure affects neither the viability nor the behavior of stained individuals (Coen et al., 1981) . In the first of these mixed species replicates, P. vulgaris was stained; in the second, P. pugio. In the present studies, the similarity in the number of each species consumed by the predator when the prey was stained vs. unstained suggests that vulnerability to predation was also not affected by staining.
Analytical and statistical methods
Pilot studies indicated that after an initial acclimation period spent in the holding tanks, and in the absence of a predator, no shrimp died during exposure to the conditions of the experiments.
Therefore, the distribution of the mean number of shrimp surviving in each condition of macrophytic cover in the presence of the predator was compared (using a Chi-square test) to the expected distribution based upon the a priori assumption that no deaths (thus 100% survival) would occur in each cover condition. A significant Chi-square value was taken to indicate a significant influence of the predator upon the number of survivors in the four macrophytic cover conditions. In the Chi-square analysis, the null hypothesis was that there is no difference between the observed distribution of survivors and the distribution expected by assuming that the predator would consume no prey in any cover condition. The alternative hypothesis was that the predator would consume enough prey in at least one of the cover conditions to cause the distribution of surviving shrimp among the cover types to be significantly different from that based upon 100 percent survival in all cover conditions.
Since in this study all deaths were assumed to be due to predation, predation pressure was measured by calculating the percentage of the starting population of each prey species that was missing after 24 hours of exposure to the predator.
The number of shrimp surviving in each condition of macrophytic cover in the presence of the predator was converted to percent of the starting population of shrimp of that species. The percent values were normalized using the angular transformation (Sokal and RohIf, 1995) .
A test for homogeneity of variances between the data for each species was conducted by calculating separately the total variance within the arcsine transformed data for each species (P. pugio and P. vulgaris). Following Sokal and Rohlf (1995) , these variances were compared using an Ftest and found to be not significantly different (F = 1.15; df= 15, 15;. 10 < P < .25). Therefore, the arcsine transformed survivorship data for both species were combined into a single data set and analyzed using a threefactor analysis of variance (ANOVA). In this analysis, the main effects were "species" (predator's effect on the survivorship of each prey species: P. pugio and P. vulgaris)-, "cover" (predator's effect on the prey's survivorship in each type of cover: none, Ulva, Codium, and " Ambulia "); "exposure"
(predator's effect on the prey's survivorship when the prey were exposed to the predator alone or in the presence of the second prey species).
In the ANOVA, estimates of the variation contributed by the main effects (the independent sources of variation) and by the interactions between and among them were compared with random (error) variation using F-tests. The working hypothesis was that one or more of the designed sources of variation and/or interactions between and among them contributes more variation than that due to error and thereby is identified as a significant contributor to the differences in observed shrimp survivorship and what is expected. This general pattern holds, even when the predator is exposed simultaneously to the two prey species. Chi-square tests comparing the observed and expected distributions (Table I) indicate that for P. pugio, whether exposed alone to the predator or simultaneously with P. vulgaris, the difference between observed and expected distributions is significant (df = 3; a = .05). For P.
vulgaris, these differences are not significant.
Each prey species exposed alone to predator: Palaemonetes where both species lose <10% of the starting population to the predator. However, when exposed alone, the protection afforded P. vulgaris by Codium is so great that even the small loss of P. pugio is 3.5 times that of P. vulgaris. Predation pressure in " Ambulia " and Ulva is similar for both prey species, but for P. pugio it is about 1.5 times as much as for P.
vulgaris. In these moderately protective covers, the presence of the second prey species decreases the predation pressure on P. pugio and increases it on P. vulgaris. However, neither of the changes associated with the presence of the second prey species is very large. Exposed alone and without cover, predation pressure results in the loss of little more than one-third of the starting population of P. vulgaris but removes more than half of the starting population of P. pugio. When the two prey species are exposed together without cover to the predator, predatory loss increases for both species (6% for P. vulgaris and 18% for P. pugio). Whether exposed without cover alone or in combination with P. vulgaris, P. pugio bears about one and one-half times the predation pressure of P. vulgaris.
Results of the ANOVA performed on survivorship values (as arcsine transformed percentage of starting population) in each condition of experimental cover are reported in Table III . The lack of significant variation contributed by any interaction between and among the three independent sources of variation indicates that the prey (P. pugio and P. vulgaris ) responded alike to the designed changes in cover, exposure, and species. The lack of significant variation contributed by exposure reveals that the impact of the predator upon a specific prey species was not reduced or enhanced by the presence of an equal number of individuals of the second prey species. The significant variation contributed by the independent sources, cover and species, shows that these variables influenced importantly the number of prey consumed by the predator.
Results
of the multiple means analysis (T- The results of means comparison (T-method) of the effect of species are in Table V in which it is shown that overall mean survivorship by P. vulgaris was significantly greater than that of P. pugio. Discussion I) Is predation pressure the same for both species of grass shrimp?
Because in Table II , the loss of P. pugio is about 1.5 times that of P. vulgaris, it can be concluded that in the absence of macrophytic cover, predation pressure upon P. pugio is greater than that upon P. vulgaris. In addition, since the differences between the numbers observed and the numbers expected in Table I are the direct result of predation by Fundulus heteroclitus, it is obvious that predatory loss is greater for P. pugio than for P. vulgaris.
The importance of this difference is emphasized by the fact that for P. pugio, loss of individuals is sufficient to cause the distribution of survivors among the cover types to be significantly different from what it would have been if there had been no predator. For P. vulgaris, the numbers taken by the predator are insufficient to cause the distribution among the cover types to deviate significantly from that expected without predation. The significance of species as an independent source of variation (Table III ) and the subsequent means analysis (Table   V) reiterate the conclusion that predation on P.
pugio is greater than that on P. vulgaris. Furthermore the failure of the cover-by-species interaction to be significant (Table III) indicates that although altering the cover type does significantly change the number of individuals lost to the predator, it does not change the relationship of predatory loss between the two prey species, i.e. more P. pugio are eaten regardless of the cover type. The behavioral observations of the present study may pro- (Table III ), in its indication that cover is a significant source of variation restates I the conclusion that cover significantly affects survivorship of P. pugio and P. vulgaris. The means analysis of the effect of cover (Table IV) (1981) reported that killifish attacked grass shrimp only when the latter are actively swimming near the water surface. Thus, the behavioral observations of this study and the description associating prey movement with intensity of predation suggest that the protection afforded shrimp by cover is the indirect result of shrimp tending to remain more stationary when in cover.
Khan et al. (1997) found that in the absence of predators and when given the opportunity to choose, P. pugio and P. vulgaris rest least often on bare substrate, most often in Codium, and in intermediate Ambulia", Ulva, Codium),
"exposure" (prey species exposed to predator alone or with both prey species present) and "species" (P. pugio and P. vulgaris). Heck and Thomas (1981) , and Primavera (1997) in which it is held that shrimp seek "covered" habitat as refuge from predation. Resolution of this issue awaits further investigation.
3) If macrophytic cover reduces loss to predators, are all kinds of macrophytic cover equally effective in reducing the loss?
The obvious conclusion drawn from Ulva and in the plastic plant ("Ambulia ") strongly suggests that the protective role of cover is simply that of providing increased structural complexity within which the shrimp and their activity is concealed from the predator. Main (1987) concluded that a predator might view macrophytic cover as a complex opaque environment that stands as a visual barrier between predator and prey. Codium, a coarsely branched macrophyte, certainly provides a greater physical complexity and heterogeneity than "
Ambulia " with its regular arrangement of "stems" and "leaves." Ulva , with its flopped-over, closely appressed thallus and lower vertical depth may provide even less structural complexity than 1 Ambulia ," however, compared to " Ambulia " the effect of this difference on shrimp survivorship is not significant. 4) Does the presence of the second prey species of grass shrimp enhance or lessen the predatory loss°f the first prey species? Thorp (1976) has suggested that P. vulgaris behaviorally dominates P. pugio, excluding it from sheltering habitat thereby causing its greater loss to predators. Similarly, the data in Table II suggest that exposure of P. pugio to Fundulus heteroclitus in the presence of P. vulgaris causes greater loss to the predator (especially without cover). If, in the present study, P. vulgaris were indeed excluding P. pugio from sheltered habitat, then survival of P. pugio in the presence of P. vulgaris and F.
heteroclitus should be significantly lower than in the presence of F. heteroclitus alone. At the same time, survival of P. vulgaris alone should be no different from its survival in the presence of both the predator and the alternative prey, P. pugio.
However, the ANOVA (Table III) 
